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A spectrophotometric method for the sequential determination of 
aluminium oxide and iron(III) oxide, and a spectrophotometric method 
for the determination of calcium oxide in Portland cement have been 
developed. 
8-Hydroxyquinoline has been used as a photometric reagent for the 
sequential determination of aluminium and iron(III) after extracting 
their complexes into chloroform. The use of the second derivative 
spectrophotometry allows the complexes to be resolved and corrects for 
errors arising from tedious complex separations, in which iron can be 
determined directly by the normal spectrophotometry and aluminium is 
determined by the second derivative spectrum. The linear range for both 
metals are 0 - 10 ppm, and the precision for the determination of them 
are good with the relative standard deviation being less than 0.8%. 
The proposed method is selective for the determination of 
a luminium and iron in Portland cement, and is free f rom the 
interferences from all other constituents present in the cement. The 
results are compared with certified values or with those results obtained 
by the established methods. The very close agreement with less than 
2.0% error indicates the proposed method is rather accurate. 
、 广 
Another procedure has also been developed for the 
spectrophotometric determination of calcium involving the reaction of 
calcium ion with glyoxal bis-(2-hydroxyanil) at pH 12.8 for 1 minute, 
followed by dilution with a mixture of ethanol and n-butanol (1 :1) . The 
proposed pH buffer and order of addition of the reagents lead to the 
determination of calcium to be quicker than similar methods reported 
before. The sensitivity of the proposed method is 0.002 |xg / cm^, and the 
1 
precision is 0.4%. The calibration range is 0.4 - 2.4 ppm of calcium, and 
the relative error is less than 0.7%. 
In conclusion, all of the reagents used in these two methods are 
inexpensive and readily available. The methods are simple, rapid and 
accurate, and are suitable for the routine analysis of Portland cement, 
particularly in those not well equipped laboratories and factories. 
、 广 
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CHAPTER I INTRODUCTION 
Portland cement is a cementive material which is obtained by 
intimately mixing together calcareous or other lime-bearing material七 运， 
with, i f required, argillaceous and /or other silica, aluminium or iron 
oxide-bearing materials, burning them at a clinkering temperature and 
grinding the resulting clinker. The clinker typically has a composition in 
the region of 67% CaO, 22% SiO?，5%Al203 and 3% FezO?，which are 
generally referred to as the four major oxides, and 3% of other minor 
components.l，2 
The manufacture of Portland cement is a continuous large scale 
chemical synthesis of specific compounds. Continuous control of the 
major constituents is essential and knowledge of the effects of variation 
of the constituents on the physical properties of the product is desirable. 
Therefore, the analytical importance of the major constituents of a 
material can be a reflection of inherent specific properties as well as a 
guide to the completeness of the analysis summation. 
A number of methods have been reported for analysing cement and 
silicate rocks, varying from the lengthy classical to rapid instrumental 
methods. Previously, the time-honoured methods which produced results 
of acceptable accuracy and precision depended on gravimetric 
separations, or on a combination of such methods wi th 
spectrophotometric and complexometric procedures.3-5 However, these 
methods were too complicated and also very time-consuming. 
X-Ray fluorescence spectrometry can be used to analyse Portland 
cement.6-8 The method is rapid and simple because the measurement can 
be carried out with the powder pellets or fusion beads made by sample 
3 
directly without pretreatment. However, the method is not accurate 
enough because the correction for matrix effects are sometimes based on 
an empirical relation already in the computer instead of a more 
fundamental and more accurate relation for rapidity. For similar 
reasons, pelletizing, which is associated with some inaccuracies due to 
particle size effects, is often adopted for sample preparation instead of 
the more accurate but sometimes slower fusion process. 
Atomic absorption spectrometry^*^^ has be accepted as an Optional 
Method for the Chemical Analysis of Hydraulic Cement by AASHTOH 
(American Association of State Highway and Transportation Officials) 
and ASTM12 (American Society for Testing and Materials) for its 
sensitivity and accuracy. AAS method is not very rapid because separate 
lamp source is needed for each element (or sometimes group of 
elements). 
Comparing with the AAS method, the ICP (Inductively Coupled 
Plasma) emission technique with its multielement capability, wide linear 
working range, good sensitivity, and freedom from many chemical 
interferences is highly desirable for routine analyses of Portland 
cement. 13，14 As well as having better sensitivity and accuracy, and a 
wide range of linearity, PIPGRS (Proton-Induced Prompt Gamma-Ray 
Spectrometry) is also a very rapid method for the analysis of Portland 
cement distinguished by its multielemental measurement without sample 
pretreatment with strong acid.15-17 xhe ICP emission method and the 
PIPGRS method are too expensive to be suitable for routine analysis, 
though. 
The purpose of this work was to develop simple, rapid and 
inexpensive method for the determination of aluminium oxide, iron (III) 
oxide and calcium oxide in Portland cement. 
4 
The simple acid dissolution procedure described by Crow, Hime, and 
Connolly^^ suitable for the determination of the major elements of 
Portland cement except si l icon was used in this work. 
Spectrophotometric methods were employed for the determination of 
aluminium, iron (III) and calcium. While the tests of aluminium and iron 
(HI) can be made at the same pH range, the test of calcium is made at a 
different pH. Hence, this research work was divided into two parts. 
Details of the simultaneous determination of aluminium oxide and iron 
(III) oxide wi l l be discussed in Chapter III，and the determination of 
calcium oxide wil l be discussed in Chapter IV. The results obtained by 
the proposed method were compared with those obtained using the 
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CHAPTER I I BRIEF REVIEW OF THE ANALYTICAL 
METHODS USED 
In this research work, derivative spectrophotometry was used to 
determine aluminium oxide, and spectrophotometry was used for the 
determinations of iron oxide and calcium oxide. Atomic absorption 
spectrometry and X-ray fluorescence method were used as parallel check 
methods. The basic principles of these methods wi l l be briefly described 
below. 
1. Spectrophotometry 1 
Spectrophotometry is based on the ability of substances to emit or 
absorb electromagnetic radiation. An absorption spectrum is obtained by 
the spectroscopic analysis of the light transmitted by an absorbing 
medium which is placed in the optical path of the spectrophotometer. 
When a beam of radiation of specific wavelength impinges upon a 
substance, the energy associated with the beam may be altered by 
reflection, refraction, absorption and transmission processes, and the 
attenuation wi l l occur (Fig II-1). 
Po [ = = = = > P 
[ / “ 
absorbing solution of 
concentration c 
c, concentration, mole litre" ^  
b， the path length, cm 
Pq，incident radiant power 
P， transmitted radiant power 
Fig. II-1 Attenuation of a beam of radiation by an absorbing solution. 
8 
The simplest situation with respect to the intensity of absorption is 
that the system obeys the Lambert-Beer's Law. 
P = Po X 10-已 cb (1) 
where, e is the molar absorptivity of the substance under study. 
Equation (1) may be rewritten as 
A = e c b (2) 
where A = Absorbance = l o g i o ( P o / P )， o r 
A = - l o g i o T (3) 
where T = Transmittance = P / Pq 
A plot of absorbance A vs. concentration c for a fixed path length of 
b wi l l yield，within the solution concentration range where Beer's Law 
is obeyed，a straight line with slope eb. 
2. Derivative spectrophotometry 2-4 
According to Beer's law, 
A = logio (Po / P) = e b c (4) 
Because the absorptivity e wi l l change with the wavelength X, the 
absorption law can be written as : 
A = f(入） 
then the first derivative of absorbance A with respect to wavelength X 
gives 
d A / d X = ( d e / c a ) b c (5) 
It can be seen, the signal and concentration have the direct ratio 
relationship, and the sensitivity of signal with respect to concentration 
depends upon the rate of change of absorptivity (de /dX) at a certain 
wavelength range. Therefore, there wi l l be a maximum sensitivity i f the 
9 
first derivative is determined near the wavelength of the inflexion point 
of the absorption curve. 
Second or higher derivative equations, can be set by the same 
method. 
Second derivative: 
d^A /ca2 = c b (d2e / d l^) (6) 
nth order derivative: 
d^A / can 二 c b (dng 磨 ） (7) 
Clearly, the relationship of the derivative of A with respect to 
wavelength X is linear with concentration. 
I f the absorption curve of an interfering component is expressed as 
A = f(k) = to + ti：^  + t2?l2 +•••+ tn 入 n 
and i f the component of the sample is coexisting with the interfering 
component, according to additive property of absorption, 
A = Asample + i^nterference = £ b C + f (X) 
A = e b c + -to + tiA. + +... + tn 入 n (8) 
nth order derivative of this expression with respect to wavelength X 
gives 
dnA / can = (dne / (^ 11) b c + n! t^ (9) 
n!t^ is a constant and independent of concentration, so the interference of 
the interfering component in the sample can be eliminated. 
10 
I f a pure spectial absorption curve is approximated as a Gaussian 
curve, its normal spectrum and first to fourth derivative spectra are 
shown in the Fig. 11-25. i t is clear that the higher the order of the 
derivative, the greater the number of the peaks (or valleys) and the 
sharper the peaks. In addition, for some characteristic points, e.g., 
extreme points (peaks or valleys), and flexion points, they are more and i 
more obvious on the derivative curve as increasing the order of the 
derivative. 
I 
z e r o o r d e r 
J \ f i r s t o r d e r 
i ‘• -
A P v s e c o n d o r d e r 
t h i r d o r d e r 
^ 丨 f o u r t h o r d e r 
X. 
Fig. II-2. Gaussian curve and its first to fourth derivatives. 
11 
3. Atomic absorption spectrometry^^ 
Atomic absorption spectrometry is based upon absorption of 
electromagnetic radiation by atoms. An atomic absorption spectrum is 
obtained by atomization, a process by which the molecular constituents 
of a sample are decomposed and converted to atomic particles. The 
absorption spectrum of the atomized species then serves as the basis for 
the analysis. 
Usually, hollow cathode lamps are used as the light source, and a 
separate lamp is usually needed for each element. 
Analytical methods based on atomic absorption are potentially highly 
specific because atomic absorption lines are remarkably narrow (0.002 
to 0.005 nm ) and because electronic transition energies are unique for 
each element. The absorbance of a line is generally proportional to the 
concentration of the absorbing species. 
4. X - Ray fluorescence^^ 
When a target atom (the sample) absorbs radiation of a primary 
beam of high energy X - rays, an excited ion with a vacant K shell is 
produced . After a brief period, the ion returns to its ground state via a 
series of electronic transitions characterized by the emission of X -
radiation (fluorescence) of wavelengths identical to those that result from 
excitation produced by electron bombardment. 
The wavelengths of the fluorescent lines are always somewhat longer 
than the wavelength of the corresponding absorption edge, however, 
because absorption requires a complete removal of the electron (that is, 
ionization), whereas emission involves transitions of an electron from a 
12 
higher energy level within the atom. 
Then, the relationship between the analytical line intensity and the 
concentration is determined empirically with a set of standards that 
closely approximate the sample in overall composkion. The assumption 
is then made that absorption and enhancement effects are identical for 
both samples and standards, and the empirical data are employed to 
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CHAPTER I I I STMT IT TANEOUS DETERMINATION OF 
ALUMINIUM OXIDE AND IRONfllD OXIDE 
1. Introduction 
(A) Review of the reported methods 
Aluminium oxide and iron oxide are two of the major constituents 
of Portland cement. They act as a f lux and lower the burning 
temperature of the cement. The minimum content of these oxides is 
mainly determined by the need to avoid difficulties associated with high 
clinkering temperatures rather than for any composition requirements. 
White Portland cements are characterized by a very low iron oxide 
content (0.5%), and their composition lies, therefore, in the low-
aluminium region of the Portland cement zone. The maximum content of 
aluminium and iron oxide is determined by the need to control the 
rapidity of the setting of the cement. Cement with a SiOs/RsOg ratio (the 
notation R2O3 refers to the combined amount of aluminium and iron 
oxide) smaller than 1.5 begins to show rapid setting which can no longer 
be controlled by the addition of gypsum. This is particularly the case 
when the decrease in the SiOs/RsOg ratio is due to the increase in the 
aluminium content. ^  
» 广 
Rapid methods of analysis are required for quality control in the 
manufacturing of cement. Up to now, a number of rapid methods for the 
determination of aluminium oxide and iron oxide have been reported. 
Titrimetric methods for estimating the main constituents of cements are 
almost universally employed especially for routine work. Most of these 
methods are based on the use of the complexometric reagent EDTA2，3, 
15 
which has the property of forming soluble octahedral complexes with 
many metal ions, selectivity being achieved through control of pH and 
temperature, by masking interfering elements with suitable reagents and 
by analytical separations. The method is also officially accepted because 
it is inexpensive, the reagent is common and no instrument is needed. 
However, EDTA can form complexes with too many metal ions, thus 
making the procedure complicated if selectivity is to be achieved. 
The titration of iron ion with KsCrsO? using barium diphenylamine 
sulphonate as m d i c a t o r 4 a is also a standard method of testing cement. 
However this method requires time-consuming sample treatment. 
X-Ray fluorescence spectrometry has been increasingly employed, 
particularly where large numbers of cement analysis are required. In this 
method, the Portland cement sample was first fused with 026407 to 
convert into glass discs directly，5，6 or was mixed with boric acid and 
pressed into powder pellets by pressure of 210 MPa，7，8 without 
pretreatment. The interested elements in the discs or pellets wi l l then be 
determined by X-ray fluorescence spectrometry. Each element has its 
characteristic X-ray spectrum and thus it is possible to identify and 
determine almost all the interested elements. The method is rapid because 
the sample pretreatment with strong acid is not required, but is not 
accurate enough to meet the requirements in some strict analyses. 
Atomic absorption spectrophotometric technique makes possible the 
accurate determination of elements present in major proportion in 
Portland cement. In this technique, cement is digested by a simple acid 
(hydrochloric acid) dissolution procedure，9，10 or a L i B O ] fusion 
technique for the dissolution of silicate materials,^'^^ or a mixed acid 
(hydrochloric acid plus a small amount of hydrofluoric acid) completely 
dissolving m e t h o d . 9，1 2 Then, the cement solution is atomised in a flame 
16 
and the energy absorbed from a spectral lamp for each element to be 
determined is measured in turn. The disadvantage of the method is that a 
separate lamp source is needed for every element (or sometimes group 
of elements). 
Spectrophotometric methods are widely employed for the estimation 
of the minor elements in cement. Aluminium and iron can also be 
determined by spectrophotometry with the complexometric reagent 
ferron (8-hydroxy-7-iodo-5-quinolinesulfonic acid). Although this 
method is quicker and simpler than these complexometric methods 
described above, two separate measurements are required in the 
determination for aluminium and iron. 
The other methods of the photometric determination of aluminium 
are based upon the formation of strongly colour lakes wi th aurin 
tr icarboxyl ic acid ammonium salt (aluminon)14,15，alizarin and 
alizarinsulfonic acid sodium salt (alizarin S)16，17，eriochrome cyanine 
r18，or hematoxylin 19. None of these methods is markedly superior to 
the others, all are very sensitive, none is free from interference, and all 
require very close attention to experimental detail i f the results are to be 
at al l precise. Compared with these methods, the extraction and 
spectrophotometric determination of a lumin ium w i th 8-
hydroxyquinoline / chloroform has the advantages that the organic 
extract represents a true solution, and that the complex formed is very 
stable and indifferent to fluctuations in 
17 
(B) Determination of aluminium and iron with 8-hydroxyquinoline 
8-Hydroxyquinoline is a classic precipitant. Its structural formula is 
OH 
It forms chelated salts, the so-called metal oxinates, with a large 
number of elements, according to the following equation^^ : 
m H L + Mn+ _ [ M L m ] — . + m H + 
where, HL = 8-hydroxyquinoline, 
= metal ions, such as Al3+，Fe3+，Mg2+， 
The metal oxinates are only slightly soluble in water, and precipitate 
out in almost theoretical yield. They are easily filtered, and are therefore 
outstandingly suitable for gravimetric determinations.^^ This is the basis 
of the standard method for the determination of aluminium oxide in 
Portland cement•北 
Apart f rom its application as analytical precipitant, 8-
hydroxyquinoline is one of the best-known and most frequently used 
reagents in extraction and trace analysis. The oxinates are readily soluble 
in organic solvents, particularly chloroform, and may be enriched by 
extraction from the aqueous solution in the organic phase. Aluminium 
and iron (III) react with this reagent to form a yellow aluminium oxinate 
and a green-black iron oxinate respectively. It was described by Gentry 
and Sherrington^^ that by using a 1 per cent, (about 0.07 M) reagent 
solution, the extraction of aluminium was made effectively complete in 
one operation over a wide pH range. It is shown in Fig I I I - 1 t h a t not 
18 
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only aluminium ion can be completely extracted in the pH range of 4.8 to 
6.7 and 8.2 to 11.5, but also iron ion can be completely extracted in the 
pH range of 2.5 to 12.5. 
io〇 / r ~ ~ ~ ‘ ~ • ~ ‘ ‘ ‘ ^ r s 
^ ^ A fm • . - - • \ - . •. 
/ 2.5 (2-5 \ 
丨.5/ 議 \ 
一 
^ 100 - ~ r ~ ‘ ‘ ALUMINIUM 
,4.8 6-7 8.2 I''5 \ 
矛 O eJ^. _ 
/Vp '2-5 \ MANGANESE / .、、、 
n ' .- . . . ？ y : . . . . . V 
U L t . • • • Q ， 乂 ， > ‘ • i I f “ 
O I 2 3 4 . 5 6 7 8 9 lO II 12 13 14 
pH 
〇 = N o extraction 
X = Partial extraction 
# = Complete extraction ‘ 
= A long time is required to extract completely 
Fig.III-1. Effect of pH on the extraction of metals w i th 8-
hydroxyquinoline. 
Typical absorption spectra of the aluminium oxinate and iron 
oxinate are shown in Fig.III-2. It is noted that the spectrum of 
aluminium oxinate and that of iron oxinate overlap seriously. This 
complicates the determination of a single compound in complex mixtures 
of these ions. The numerous potential interferences can be removed by 
using masking or reducing agents.24’25 other instances it is necessary 
to remove interferents by precipitation or extraction with other reagents 
to achieve the required selectivity.26 The determination of different 
metal ions in the same sample requires to work in a sequential manner, 
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and hence increase the time of analysis. 
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Fig.in-2. Normal absorbance spectra of the metal _ oxinates: A1 (5ppm), 
Fe (5ppm). 
‘：.-. -
Blanco et al?^ reported the simultaneous determination of various 
metal ions by extracting their complexes into chloroform and resolving 
the mixed f irst derivative of the complexes by a numerical 
multicomponent analysis programme called the b u n d l e d multicomponent 
analysis(MA) programme. However, the MA programme used in this 
method is expensive and may not be available in laboratories in Portland 
cement factories. 
The purpose of讲is work is to develop a simple spectrophotometric 
method for the simultaneous determination of aluminium and iron in 




(A) Spectrophotometric method 
Sample treatment^ 
About 0.500 g of the sample was accurately weighed and 
transferred into a beaker, and 25 ml of distilled water was added. 
The beaker was placed on a magnetic stirring unit, and the sample 
was stirred to disperse. Then 5 ml of concentrated HCl was added 
and stirring was continued until the sample dissolved. Afterwards 25 
ml of distilled water was added, and the beaker was covered with a 
watch glass and was boiled for 15 minutes to digest the sample. After 
being cooled, the solution was filtered through a fast-speed filter 
paper (Whatman No. 41) into a 100 ml volumetric flask. The filter 
paper and beaker were washed with hot diluted (1+99) HCl and then 
with hot distilled water. Then, the solution was diluted to the mark 
with distilled water. 
Apparatus : Hitachi U-2000 Spectrophotometer with 1cm quartz 
cells; 
Jenway 3020 pH Meter 
Reagents A l l reagents used were of analytical reagent grade; 
Water used in this work was distilled de-ionized 
water. 
(i) Aluminium stock solution (lOOOppm) 4.396g of 
potassium aluminium sulphate dodecahydrate [KA1(S04)2 * I 2 H 2 O ] 
was weighed accurately and dissolved in disti l led water and 
transferred to a 250-ml volumetric flask containing 25 ml of 0.1 M 
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HCl, and was then diluted to the mark with distilled water. 
( i i ) Iron ( I I I ) stock solution (1000 p p m ) — — 2 . 1 5 9 g of 
ammonium ferric sulphate dodecahydrate [NH4Fe(S04)2.12H2O] was 
weighed accurately and dissolved in distilled water and transferred 
to a 250-ml volumetric flask containing 25 ml of I M HCl, and was 
then diluted to the mark with distilled water. 
(ii i) Titanium (IV) stock solution (100 ppm) - - - 0.0416 g of 
titanium dioxide, which had been dried for 1 hour at 925 ^C, was 
mixed with 1 g of potassium hydrogensulphate, and fused at 700 
for about 25 minutes. The melt was dissolved with (1+9) H2SO4 in a 
50 - 60 OC water bath. The solution was diluted to 250 ml with 
(1+9) H2SO4. 
(iv) Calcium stock solution (1000 ppm) 0.6252 g of 
calcium carbonate, previously dried for 2 hours at 105 - 110 
was dissolved in 100 ml of distilled water, and was decomposed 
completely by adding 1 : 1 HCl dropwise. The solution was boiled to 
remove the carbon dioxide, then was cooled down and diluted to 250 
ml. 
(V) Magnesium stock solution (100 ppm) 0.0839 g of 
magnesium chloride hexahydrate was dissolved in water and diluted 
to 100 ml. 
(vi) Sodium stock solution (100 ppm)——0.0265 g of sodium 
chloride was dissolved in water and diluted to 100 ml. 
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(vii) Potassium stock solution (100 ppm )——0.0196 g of 
potassium chloride was dissolved in water and diluted to 100 ml. 
(viii) Metal ions working standard solutions They were 
freshly prepared by appropriate dilution with distilled water from 
the corresponding stock solutions. 
(ix) 0.5M acetic acid stock solution ——28.9 ml of glacial 
acetic acid was diluted to 1 litre with distilled water. 
(X) 0.5M ammonium acetate stock solution 38.5 g of 
anhydrous ammonium acetate was dissolved in distilled water, and 
diluted to 1 litre with the same solvent. 
(xi) Acetate buffer solutions ——Appropriate volumes of the 
0.5M acetic acid and 0.5M ammonium acetate solutions were mixed 
and adjusted with the help of a pH meter to make buffer solutions of 
pH 4.0, 4.5, 5.0, 5.3, 5.5, 6.0 and 6.5, respectively. 
(xii) O.IM 8-hydroxyquinoline solution 3.630 g of 8-
hydroxyquinoline was dissolved in chloroform and then diluted to 
250 ml with chloroform. 
Procedure 
- r 
(i) A 5.0-ml volume of aluminium or iron ( I I I ) working 
standard solution was transferred into a 100 ml separatory funnel, 
followed by the addition of 5.0 ml of acetate buffer (pH 5.3) and 
10.0 ml of the O.IM 8-hydroxyquinoline in chloroform. The mixture 
was shaken for 1 minute. After the phase separation was complete, 
the chloroform layer was run off into a small flask containing about 
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1 g of anhydrous sodium sulphate, and was then taken out. The zero 
order absorption spectrum and the second derivative spectrum of the 
chloroform layer were recorded in the wavelength range of 350 -
650 nm. A blank was prepared using 5.0 ml of water instead of 
working standard solution. 
For the determination of iron (III), the wavelength was set at 
580 nm, and the calibration graph was prepared by plotting the 
absorbances at 580 nm against a reagent blank against the 
concentrations of the standard solution in ppm. 
The calibration graph of aluminium was prepared by measuring 
the amplitude at 390 nm in the second derivative spectrum against a 
reagent blank and plotting it against the corresponding concentration. 
The slopes of the calibration graphs were denoted as S ^ and Spg, 
respectively. 
(ii) The sample was 20 times diluted with distilled water and 
was then extracted with the O.IM solution of 8-hydroxyquinoline in 
chloroform.The normal spectrum and the second derivative spectrum 
of the separated chloroform phase was recorded in the range of 350 -
650 nm as described in (i) above 
The absorbance of the organic phase at 580 nm on the normal 
spectrum, designated as Abs(Fe)，and the FesO) content in the sample 
was calculated using equation (1) 
Fe203 % = 100 [20 • X • Abs(Fe)] / (Spe • C) (1) 
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where, X = ( MW* of FesOg) / ( MW* of Fe ) 
C = the concentration of the sample in ppm. 
The amplitude of the organic phase at 390 nm in the second 
derivative spectrum was also measured and designated as Am^^y The 
AI2O3 content in the sample was calculated using equation (2) 
AI2O3 % = 100 [20 • Y • Am(Ai) ] / (SM • C) (2) 
where, Y = (MW* of AI2O3) / (MW* of Al). 
Am = Abs / 5.2^, n is order of derivative, 
* MW stands for molecular or atomic weight 
(B) Atomic Absorption Spectrometry^^ 
Sample Treatment 
About 0.200 g of sample was weighed accurately into a platinum 
crucible and was mixed with 0.8 g of fusion agent (sodium carbonate Cn/, 
lithium tetraborate). The crucible was covered and the sample was 
fused at 925^C for 5 minutes in a muffle furnace. Then, the crucible 
with its l id was transferred into a 400ml beaker containing 50 ml of 
hot water, the exterior surface of crucible was washed with distilled 
water and the washings were added into the beaker. Concentrated 
HCl (10 ml) was added and the residue was digested completely on a 
hot plate. The solution was then transferred into a 500-ml volumetric 
flask and diluted to the mark with distilled water. 
Apparatus: Varian SpectrAA.20 Atomic Absorption Spectrometer , 
EPSON LX-800 Recorder 
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Reagents Al l reagents used were of analytical reagent grade. 
(i) Lanthanum solution 30 g of lanthanum nitrate was 
dissolved in distilled water, and 20 ml of concentrated HCl was added 
and the solution was diluted to 500 ml. 
(ii) Fusion agent ——Sodium carbonate was mixed with lithium 
tetraborate in the ratio of 3 : 1. The mixture was ground thoroughly 
in the mortar with a pestle. 
(iii) Standard sample solution for AI2O3 and Fe〗。]——0.500g 
of NBS or BCS cement standard was weighed accurately in a 
platinum crucible and mixed well with 3 g of fusion agent. The 
crucible was covered with a lid and placed in a muffle furnace at 
9250c for 5 minutes. The crucible and lid were then transferred to a 
beaker containing 50 ml of hot distilled water. The exterior surface 
of crucible was washed with distilled water, and the washings were 
also added to the beaker. 10 ml of concentrated HCl was added and 
the residue was digested completely. Then the solution was 
transferred to a 250-ml volumetric flask and was diluted to the mark 
with distilled water. 
(iv) Standard working sample solutions for AI2O3 and Fe〗。） 
Appropriate amount of the standard sample solution was 
pipetted to a 250-ml volumetric flask and diluted to the mark with 
distilled wa te r . . 
Procedure 
The air compressor and AAS were switched on. Then the water 
supply, N2O and C2H2 gas cylinders were turned on, and nitrous 
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oxide gas pressure was adjusted to 3.6 bar and also the acetylene to 1 
bar. After setting the instrumental condition, the flame was turned 
on. The standard working solutions were aspirated sequentially and 
the absorbance was measured. Afterwards the sample was aspirated 
and the concentration was displayed. Finally, the concentration of the 
analyte in the sample was calculated. 
- r-
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3. Results and Discussion 
I. Determination of iron 
(A) Absorption spectra 
The absorption spectrum of the iron (III) oxinate is shown in Fig. 
III-2 (see p.20) together with that of the aluminium oxinate. The iron 
(III) oxinate has two absorption maxima at 467 nm and 580 nm. The 
latter is the preferred wavelength for the determination of iron (II I) 
because the absorption due to aluminium oxinate is not observed. The 
absorption maxima and the shape of the spectrum of the iron oxinate do 
not vary in the pH range 4.0 to 6.5, which suggests that only one species 
of the complex is formed under these conditions. 
(B) Effect of pH on the determination of iron 
A series of solutions, each containing 5 ppm of iron (III)，was 
treated with 10.0 ml of the solution of O.IM 8-hydroxyquinoline in 
chloroform and 5.0 ml of a series of buffer solutions. Then extraction 
was made and the absorbance of the organic phase was measured as 
described previously. The results are shown in Table I I I - l and Fig.III-3. 
The pH values on the aqueous layers were checked after the extraction, 
and the results were almost the same as that before the extraction. 
» r 
I t can be seen that a constant and maximum absorbance was 
obtained in the pH range 5.0 to 5.5. The pH of 5.3 was hence chosen. 
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Table III-1. Effect of pH on the absorbance of the iron (III)* oxinate. 









* Concentration of iron (III) : 5 ppm. 
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Fig. III-3 Effect of pH on the determination of iron (5ppm)； 
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(C) Effect of the concentration of 8-hydroxyquinoline (oxine) 
The effect of the concentration of oxine on the determination of iron 
was assessed. As a emulsion was formed when the iron solution was 
extracted with the chloroform solution if the concentration of oxine was 
lower than 0.02M. Hence the experiment was carried out using oxine 
concentrations in range of 0.02M to 0.2M. 
Table III-2. Effect of the concentration of 8-hydroxyquinoline in 
chloroform on the determination of a 5 ppm iron (III) 
solution at pH 5.3. 
Concentration of 8-hyclroxyquinoline Absorbance 






As can be seen from Table III-2, the absorbance is almost a constant 
within the reagent concentration range studied.The concentration of 
oxine chosen was O.IM, 
、 r-
(D) Stability of iron (III) oxinate 
The effect of the extraction time on the determination of iron (III) 
was assessed by extracting 5.0 ml of a 5ppm iron (III) solution at pH 5.3 
with 10.0 ml of a O.IM 8-hydroxyquinoline solution in chloroform for 
different time and standing for 30 minutes before separation and 
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measurement. The results are shown in Table III-3. It can be seen that an 
extraction time of 1 minute is sufficient for the extraction. 
Table III-3. Effect of the extraction time on the determination of iron. 






The stability of iron(III) oxinate was then studied using the same 
condition except keeping the extraction time to 1 minute and for 
different standing times. The results are shown in Table III-4. 
Table III-4. Stability of iron -oxinate after extraction for 1 minute. 









It can be seen that the complex can be formed and extracted 
completely in chloroform within 1 minute under the recommended 
conditions and it was very stable and the absorbance remained constant 
for at least 1 hour, which is sufficiently long for practical purposes. 
(E) Construction of the calibration curve for iron (III) 
A calibration graph was plotted (Fig. III-4) using the data shown in 
Table III-5. 
Table III-5. Data for the calibration graph for the determination of 
iron (III) standard solution at pH 5.3 and extracted with 
O.IM 8-hydroxyquinoline in chloroform. 











Slope 0.0360 ppm"! 
Intercept 0.003 
Correlation coefficient 0.9999 
Linear range 0 - 1 0 ppm 
SandelFs sensitivity 0.03 [ig / cm^ 
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_ Fig.in-4. Calibration curve for the determination of iron (III) by 
spectrophotometry at 580 nm. 
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The effective Sandell's sensitivity^^ is defined as the number of 
micrograms of the constituent determination, converted to the coloured 
product, which is in a column of solution of cross - section of 1 cm^ 
shows an absorbance of 0.001. On a rectilinear calibration curve passing 
through the origin it is usual to calculate the value for the sensitivity 
directly from that concentration which produced an absorbance of 0.001， 
and the value wi l l be expressed as |ig of the constituent / cm^. 
From the result in Table III-5 and the Fig. 111-4，it can be seen that 
the graph passed through the origin, and was linear up to 10 ppm. Its 
slope was 0.0360 p p m ] and there was a correlation coefficient of 
0.9999. The molar absorptivity for iron (III) calculated from the data in 
Table III-5 using the equation A = 8cb turned out to be 4155 1 mole'^ 
cm-l. 
(F) Precision studies 
The precision for the determination of iron was studied. The relative 
standard deviations for ten replicate measurements of the absorbance of 
several standard iron solutions with concentrations in the calibration 
range were calculated. The data are shown in Table III-6. 
Table III-6. Test for precision of the determination of iron (III). The 
relative standard deviation for ten replicate determinations 
of the standard iron were calculated. 
Concentration of iron Absorbance Relative standard 
(ppm) at 580 nm deviation % 
2.0 0.077 0.8 
5.0 0.186 0.5 
8.0 0.292 0.3 
34 
The precision for the determination of iron (III) oxide in a real 
sample using the proposed method was also studied, and the results are 
collected in Table III-7. 
Table III-7. Data for the precision study for the determination of iron 
(III) oxide in a Portland cement sample (OPC 004). 
Trial No. FeaOg per cent, in a 











Mean value 2.81 
Standard deviation 0.0171 
Relative standard deviation 0.6 % 
The relative standard deviation of 0.6% shows good precision of the 
proposed method. 
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(G) Interference studies 
In Portland cement, besides the four major constituents, i.e., calcium 
oxide, silica, aluminium oxide and iron(III) oxide, there are several 
minor constituents which also can affect the physical properties of 
Portland cement. 1,30 They are magnesium oxide, alkali oxides (sodium 
oxide and potassium oxide), titanium oxide and sulphur oxide. It is 
therefore necessary to assess the effect of these oxides (or ions) together 
with the other major constituents on the determination of iron. Because 
the silica content had been removed away from the sample solution by 
filtering，its interference was not studied. Solutions containing 5 ppm of 
iron (III) and various amounts of the other elements of portland cement 
were prepared and the recommended procedure for the i ron 
determination was followed. The results are summarised in Table III-8. 
Table III-8. Effect of the common elements in Portland cement on the 
determination of a 5.0 ppm standard iron (I I I) solution 
extracted with O.IM 8-hydroxyquinoline in chloroform at 
pH 5.3. 
ion conc.of the foreign factor* iron found % error 
ions added, ppm ppm 
Ca2+ 186 2 5.0 0 
Mg2+ 18 10 5.0 0 
AP+ 12 2 5.0 0 
Ti4+ 0.8 2 5.0 0 
Na+ 4.5 10 5.0 0 
K+ 13 10 5.0 0 
SO42- 17 2 5.0 0 
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* The asterisk denotes the number of times of the possible highest 
content of element. Its estimation is based on the iron content in 
Portland cement. 
The results in Table III-8 show that the determination of iron (III) 
by the proposed method is free from the interferences of the other 
constituents in Portland cement. 
(H) Determination of iron (III) oxide using the proposed method 
The iron oxide content of some real samples of Portland cement, 
obtained from China Cement, were determined in triplicate by the 
proposed method. The results for some samples are compared with the 
certif ied values, and those determined using atomic absorption 
spectrometric method (AAS) and x-ray fluorescence method (XRF). The 
data are summarised in Table III-9. 
Table III-9. Determination of iron (III) oxide in Portland cement by the 
proposed method. 
iron (III) oxide, per cent, 
sample proposed certifited AAS XRF %error 
method values 
OPCOOl 2.77 2.81 2.82 
OPC002 2.98 2.98 2.99 
OPC003 2.87 2.92** 2.99 2.96 -1.7 
OPC004 2.81 2.81** 2.81 2.88 0 
VOOl 5.45 5.38** 5.21 5.28 1.3 
BCS353* 4.84 4.82 0.4 
BCS372/1* 3.39 3.42 -0.9 
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* Samples of BCS353 and BCS372/1 were prepared by fusion in a 
muffle furnace at 925 ^C for 30 minutes first, then followed by 
the procedure described previously. 
* * Referee certified values obtained by British Standard method. 
There is a very close agreement between results obtained by the 
proposed method and the established methods, indicating that the 
accuracy of the proposed method is very good. 
11. Determination of aluminium 
(A) Selection of the order of the derivative spectrum 
Simple UV-visible spectrophotometric method for the assay of 
aluminium combining the extraction with 8-hydroxyquinoline in 
chloroform are subject to interference from iron which has been shown 
in Fig. III-2 (see p.20). The technique of derivative spectrophotometry 
has proved particularly useful in eliminating matrix interference in the 
analysis of various multicomponent mixtures•礼32 
An ideal order of the derivative spectrum for the determination of 
aluminium should be one which allows better resolution of the 
overlapped spectra of iron or the other metal oxinates from the spectrum 
of aluminium oxinate. Fig. 111-5 and Fig.III-6 show the first derivative 
and second derivative spectra of aluminium oxinate and iron oxinate. 
The maximum and minimum amplitude of the aluminium oxinate mixed 
with various amount of iron oxinate in different order spectra are listed 
in Table III-10. 
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Fig. in -6 The second derivative spectra of metal-oxinates, Am stands 
for amplitude, absorbance = 27.04 Am. A1 : 5ppm, Fe : 
5ppm. 
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Table III-10. Effect of Fe (III) on the determination of A1 (5ppm) in 
first and second order derivative spectra after extracted 
with O.IM 8-hydroxyquinoline in chloroform at pH5.3. 
Iron(III) First order Second order 
added min. absorp. max. absorp. min. absorp. 
(ppm) X (nm) Am X (nm) Am X (nm) Am 
0 415.5 -0.159 435.5 0.051 390.5 -0.068 
2 414.0 -0.155 434.5 0.052 390.5 -0.068 
4 412.5 -0.156 434.0 0.053 390.0 -0.068 
6 411.0 -0.159 433.5 0.054 389.5 -0.068 
8 410.5 -0.159 433.0 0.055 390.0 -0.068 
It can be seen that there is interference on the determination of 
aluminium from iron using the value of the maximum absorption in the 
second derivative spectrum, and it is almost free from the effect of iron 
for the determination of aluminium using the value of the minimum 
absorption in either the first derivative or second derivative spectrum. 
As mentioned previously, there are other constituents normally 
present in Portland cement. Among these elements, sodium，potassium 
and sulphur have no reaction with 8-hydroxyquinoline, and calcium^^ 
and magnesium34 form oxinates with the reagent only in alkaline media. 
However, titanium oxinate has some absorbance in the acidic condition^^, 
and its absorbance spectrum is shown in Fig I I I -7 together with 
aluminium oxinate spectrum. So interference from titanium on the 
determination of aluminium by using different order derivative spectra 
was studied and the results are listed in Table III-11. 
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Table III-l L Effect of titanium on the determination of 5ppm aluminium 
using different order of derivative spectra, after extracting 
with O.IM 8-hydroxyquinoline in chloroform at pH 5.5. 
First order ’ Second order 
Ti added X Amplitude X Amplitude 
(ppm) (nm) (nm) 
0 414.5 -0.158 390.5 -0.068 
0.2 415.0 -0.162 390.5 -0.068 
0.3 414.5 -0.164 390.5 -0.068 
0.5 415.5 -0.163 391.0 -0.067 
0.7 414.5 -0.165 391.0 -0.066 
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It can be calculated, i f the concentration of aluminium in Portland 
cement is 5 ppm, the possible concentration of titanium wi l l be less than 
0.5 ppm. Hence the conclusion that can be drawn from the results of the 
above experiments is that the second derivative spectrum is suitable for 
the determination of aluminium and the amplitude measured at 390 nm 
was chosen in this method because the determination is subject to be less 
interferences from the other constituents in Portland cement. 
(B) Effect of pH on the determination of aluminium 
The experiment on the formation and extraction of aluminium 
oxinate at different pH was performed and the results obtained using the 
second derivative spectrophotometry are shown in Table III-12 and 
Fig.III-8. It can be seen that in the pH range of 5.0 to 6.0, a constant and 
maximum value of the amplitude at 390nm in the second derivative 
spectrum of aluminium oxinate was obtained. As pH 5.3 was chosen for 
the determination of iron (see p.28), the pH of 5.3 was also chosen for 
the determination of aluminium, because it wi l l facilitate the complete 
extraction of both aluminium and iron ions. 
Table III-12. Effect of pH on the determination of aluminium after 
extracted with O.IM 8-hydroxyquinoline in chloroform. 
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Fig. III-8 Effect of pH on the determination of aluminium (5ppm). 
(C) Effect of the concentration of 8-hydroxyquinoline -
The effect of the. concentration of 8-hydroxyquinoline on the 
determination of aluminium was studied. As can be seen from Table III-
13，more than 0.05 M of 8-hydroxyquinoline in chloroform is required 
for 5 ppm aluminium in order that a constant and maximum value of the 
amplitude at 390niti'could be obtained. In the proposed method, the 
reagent concentration O.IM was selected, as a compromise between the 
quantitative extraction of the aluminium and iron (III) ions and the 
-smallest possible extent of interference from the reagent. 
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Table III-13. Effect of the concentration of 8-hydroxyquinoline in 
chloroform on the determination of a 5 ppm aluminium 
standard solution at pH 5.3. 
Concentration of 8-hydroxyquinoline Amplitude 






(D) Stability of aluminium oxinate 
The tests of the effect of extraction time and standing time for the 
aluminium oxinate on the determination of aluminium were performed 
following the procedure described previously in the determination of 
iron. The results are summarised in Table III-14 and Table III-15, 
respectively. 
Table III-14. Effect of the extraction time on the determination of 
aluminium • 







Table III-15. Stability of aluminium oxinate after extraction for 1 
minute. 








It is clearly that the aluminium oxinate can be formed and extracted 
in chloroform completely within 1 minute and the minimum amplitude at 
390 nm do not change for at least 1.5 hours. 
(E) Construction of the calibration curve for aluminium 
A calibration graph was plotted (Fig. III-9) using the data shown in 
Table III-16. The graph passed through the origin, and was linear up to 
10 ppm. Its slope was -0.0136 ppm"^ and gave a correlation coefficient 
of 0.9999. The molar absorptivity for aluminium calculated from the 
data in Table 111-16 using the equation Am = ecb is 367 Imole'^cm"^. 
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Table III-16. Data for the calibration graph for the determination of 
aluminium standard solution at pH 5.3 and extracted with 
O.IM 8-hydroxyquinoline. 










Slope -0.0136 ppm-1 
Intercept -0.0001 
Correlation coefficient 0.9999 
Linear range 0 - 1 0 ppm 
Sandell's sensitivity -0.07 / cm^ 
、 广 
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Fig. in -9 Calibration curve for the determination of aluminium by 
second derivative spectrophotometry at 390 nm. 
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(F) Precision studies 
The precision for the determination of aluminium was studied. The 
relative standard deviations for ten replicate measurements of the 
amplitude at 390 nm in the second derivative spectra of several standard 
aluminium solutions with concentrations in the calibration range were 
calculated. The data are shown in Table III-17. 
Table 111-17. Test for precision of the determination of aluminium. The 
relative standard deviation for ten replicate determinations 
of the standard aluminium were calculated. 
Concentration of aluminium Amplitude Relative standard 
(ppm) at 390 nm deviation % 
2.0 -0.028 2 
5.0 -0.068 0.8 
8.0 -0.108 0.4 
It can be seen that the relative standard deviation determined was in 
the range of 0.4 - 2%, which is considered to be quite good. 
The precision for the determination of aluminium oxide in a real 
sample using the proposed method was also studied. The results are 
collected in Table III-18, in which a relative standard deviation of 0.7% 
was obtained indicat ing that there is a good precision in the 
determination of aluminium oxide. 
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Table III-18. Data for the precision study for the determinate of 
aluminium oxide in a Portland cement (OPC004). 
Trial No. AI2O3 per cent, in a 











Mean value 5.43 
Standard deviation 0.0381 
Relative standard deviation 0.7% 
(G) Interference studies 
、 广 
Solutions containing 5 ppm of aluminium and various amounts of the 
other constituents in Portland cement were prepared and the 
determination of aluminium was performed following the procedure 
described above. The results are collected in Table III-19. It can be seen 
that the determination of aluminium is practically free from the 
interferences of the other elements in Portland cement by the proposed 
method. 
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Table III-19. Effect of the common elements in Portland cement on the 
determination of a 5.0 ppm standard aluminium solution at 
pH 5.3 extracted with O.IM 8-hydroxyquinoline in 
chloroform. 
ion conc.of the foreign factor* Aluminium found % error 
ions added, ppm ppm 
Ca2+ 186 2 5.0 0 
Mg2+ 18 10 5.0 0 
Fe 知 8 1.5 5.1 +2 
Ti4+ 0.4 1 4.9 -2 
Na+ 4.5 10 5.0 0 
K+ 13 10 5.0 0 
SO42- 17 2 5.0 0 
* The asterisk denotes the number of times of the possible highest 
content of element. Its estimation is based on the aluminium content 
in Portland cement. 
From the Table III-19, it can be seen that except the admitted small 
effect of iron and titanium, the determination of aluminium is free from 
the interferences of the other elements in Portland cement by the 
proposed method. 
(H) Determination of aluminium in Protland cement 
The aluminium oxide content of several Portland cement samples 
were determined in triplicate by the proposed method. The results for 
some samples are compared with the certified values and those 
determined using atomic absorption spectrometric method(AAS) and X-
ray fluorescence method(XRF). The results are collected in Table III-20. 
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Table III-20. Determination of aluminium oxide in Portland cement by 
the proposed method, 
sample aluminium oxide, per cent. 
proposed certifited AAS XRF %error 
method values 
OPCOOl 4.93 5.09 5.02 
OPC002 4.39 4.48 4.55 
OPC003 4.97 4.91* 4.67 4.70 1.2 
OPC004 5.43 5.51* 5.49 5.40 -1.5 
VOOl 3.34 3.38* 3.20 3.25 -1.2 
BCS353 3.82 3.77 1.3 
BCS372/1 5.35 5.37 -0.4 
* Certified referee values obtained by British Standard method. 
The results in Table III-20 shows that there are close agreements 
between the results obtained by the proposed method and the established 
methods or the certified values, indicating the accuracy of the method. 
51 
4. Conclusion 
Simpl ic i ty , rapidi ty, high accuracy and high precision are 
characteristics of the present method for the simultaneous determination 
of aluminium oxide and iron (III) oxide in Portland cement. It takes less 
than 20 minutes to determine the two oxide contents for a Portland 
cement sample. The use of the second derivative spectrophotometric 
technique avoids the tedious and complex separations or the addition of 
masking agents which frequently bring on errors themselves. The 
reagents used are inexpensive, stable, and readily available in most 
laboratories. 
The proposed method is selective for the analysis of Portland 
cement, and almost all other constituents in it do not interfere. The 
method is particularly attractive to those not well-equipped laboratories 
possessing only UV-visible spectrophotometer but not other more 
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CHAPTER IV RAPID DETERMINATION OF CALCIUM OXIDE 
1. Introduction 
Among the four major constituents of Portland cement, lime，ie. 
calcium oxide, is the principal one. Most modern cements have a high 
lime content. Cement having a lower lime content of less than 65% is 
slow to harden. When the raw materials contain more lime than can 
combine with the acidic oxides SiO:，AI2O3 and FesO]，there wi l l be an 
excess in lime in the setting cement. Free lime is soluble and may 
discolour or react with surrounding materials 1，so that the presence of 
such lime may cause volume instability (unsoundness) in the hardened 
cement paste. Therefore, the maximum amount of lime in the raw 
materials should be controlled in such a way that virtually no free lime 
should occur in the final cement.^ 
The procedures of wet chemical determination of calcium oxide is 
based on the photometric titration with EDTA^ or EGTA4 using 
murexide or calcein as the indicator, which have been recommended as 
the standard methods for the test of calcium oxide in Portland cement. 
However, the titration with calcein requires special lighting for detection 
of the end-point. Nestoridis^ improved the method with cal-red or 
calgon indicator as they gave particularly sharp end-point, but 
triethanolamine and potassium cyanide must be added to mask the 
interference of aluminium, iron, titanium and magnesium. Although the 
classical method can yield reliable results, they are inherently long and 
complicated, and therefore subject to accidental error. 
One of the important developments in the Portland cement analysis 
is atomic absorption spectrometry^ It makes possible the accurate 
determination of many elements present in major proportion in cement. 
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However, for calcium, the absorption is suppressed by aluminium, iron 
and titanium, but enhanced by silicon^ The interference effects may be 
negligible only when all of these four elements are present in proper 
proportions .8 
X-Ray fluorescence spectrometry^ is also a popular method in the 
analysis of cements because of its rapidity and reproducibility. However, 
one should have to pay great attention to the particle size effect. 
Fifield et al.lO，ll applied the autoanalyzer techniques to determine 
calcium oxide in Portland cement with glyoxal bis-(2-hydroxyanil) by 
spectrophotometry. The method gives a good reproducibility and permits 
a high sample rate. In this method, sufficient EDTA is added first to 
chelate most of the calcium and the excess is then determined on the 
autoanalyzer system. In fact, many papers have been published showing 
that the flow injection technique to be a fast, reliable and sensitive 
method for the determination of calcium in various aqueous samples such 
as waterl2，serum^^ or milkl4. However, the presence of aluminium and 
iron caused a signal decrease. Triethanolamine and potassium cyanide 
must be added together to overcome these interference effects. 
Various direct spectrophotometric methods for the determination of 
calcium have been developed. Several lake-forming reagents of high 
sensitivity such as murexide (ammonium purpurate)16，厂，Eriochrome 
black T18-20，and chloranilic acid21 were commonly used in the past. 
However, in using the murexide, special precautions are needed to 
compensate for the rapid decomposition of the reagent. In the method 
using eriochrome black T, complexation requires more than 1 hour in 
the dark to completion. Chloranilic acid is not a highly selective reagent, 
and Fe3+ forms soluble complex that affects the determination of 
calcium. Also the procedure of the method is rather complicated and 
57 
time consuming which includes setting the sample aside for more than 3 
hours in an ice chest, and filtration or centrifugation. 
The o-cresolphthalein c o m p l e x o n e 2 2 ， 2 3 one of the most 
frequently used colour-forming reagents for the spectrophotometric 
determination of calcium. However, both the reagent and its alkaline 
metal complexes absorb at approximately the same wavelength region 
(570-590 nm), and the excess of the reagent and the pH must be very 
precisely controlled, as they both influence the ratio between the colour 
produced by complex formation and the colour originating from the 
residual d y e . 13 
Another wel l known spectrophotometric reagent for the 
determination of calcium is glyoxal bis-(2-hydroxyanil) (GBHA), which 
forms a red complex with calcium in alkaline media. The complex is 
insoluble in water, but dissolves in various organic solvents. Goldstein 
and S t a r k - M a y e r 2 4 have described a qualitative test for microgram 
amounts of calcium. When the alkaline solution of calcium and glyoxal 
bis-(2-hydroxyanil) is extracted with chloroform, a red colour in the 
chloroform layer indicates the presence of calcium. 
Williams and W i l s o n 2 5 further investigated a photometric method 
for the quantitative determination of calcium which was based on the 
chloroform extraction of the calcium-GBHA complex. However, the 
method is complicated by extraction and centrifuging, and the instability 
of the coloured complex in chloroform is also a problem. 
Kerr26 developed a quantitative method for calcium in which no 
chloroform extraction was necessary. The red-coloured complex was 
formed in aqueous-alcoholic and alkaline media. This simplified the test 
process and interferences were minimized by the high pH medium. 
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Although it was more rapid than the method of Williams and Wilson^^， 
the colour was fully developed after 25 minutes and the colour fading 
occurred after 1 hour. 
Subsequently, Milligan et al.27 synthesized several derivatives of 
glyoxal bis-(2-hydroxyanil) and evaluated them as calcium reagents. 
Compared with GBHA, some of the derivatives were more sensitive 
toward calcium but less stable; some offered greater colour stability than 
GBHA but with some loss in calcium sensitivity. 
Silva e t al.28 synthesized another reagent, diphenylglyoxal bis-(2-
hydroxybenzoyl hydrazone) (BSHB) for the spectrophotometric 
determination of calcium. The calcium-BSHB system offers a greater 
stability than that of the calcium-GBHA complex due to the resistance of 
the C=N bonds to hydrolysis. Most of the metals in groups I - I I I interfere 
with the determination of calcium and masking agents must be added to 
eliminate this effect. 
A l l of the synthesized reagents are not readily available in ordinary 
laboratories. 
Among the current methods for the determination of calcium, the 
spectrophotometric method using glyoxal bis-(2-hydroxyanil) as the 
complexing agent in alkaline aqueous-alcoholic medium seems to be most 
suitable for the routine analysis of Portland cement because of its 
simplicity，rapidity and usage of common reagent. 
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Glyoxal bis-(2-hydroxyanil) (GBHA) is a selective reagent for the 
detection and photometric determination of calcium. The structural 
formula of the reagent is 
Milligan et al.27 studied the combining ratio of calcium and the 
reagent and proved that they formed a one-to-one complex. Goldstein 
and Stark-Mayer^"^ suggested calcium-GBHA complex was an inner 
complex salt with the structural formula: 
The calcium GBHA complex is only slightly soluble in water and 
non-polar organic solvents, but it can be soluble in organic solvents and 
extractable with chloroform.29 It has been found that by omitting the 
extraction stage and carrying out the complexing reaction in an aqueous 
alcoholic medium, red colour was formed. This led to a simple and rapid 
spectrometric method for determination of calcium. Kerr^^ has studied 
the effects of various organic solvents on the stability of the colour, and 
found a mixture of ethanol and n-butanol was a superior solvent than the 
others. Although the use of the alcohol mixture and the alkaline buffer 
solution can stabilise the colour of the complex, the problem of the 
instability of the reagent and the complex still remains. 
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MilUgan30 have shown that the instability of the calcium-GBHA complex 
is due to the following : (1) the hydrolysis of GBHA，which is present in 
excess; (2) the alkaline medium catalysing the reaction to yield glyoxal 
and o-aminophenol; (3) the formation of the anion of glycollic acid, OH-
CH2-COO-，from glyoxal, which is catalysed by the OH" anion; (4) the 
formation of the calcium-glycolate complex. 
The aim of our research project was to make use of the same 
complexing reaction, but to improve the pH condition and the order of 
addit ion of the reagents, and thus to increase the speed and 





(A) Spectrophotometric method 
Apparatus : Hitachi U-2000 Spectrophotometer 
Jenway 3020 pH Meter 
Reagent :——Al l reagents were of analytical reagent grade. 
Water was distilled deionized water. 
(i) Calcium stock solution (1000 p p m ) — — T o 0.6245 g of 
calcium carbonate which had been dried for 2 hours at 105 - l lO^C 
100 ml of distilled water was added, followed by the dropwise 
addition of 1 : 1 HCl to effect complete dissolution. The solution was 
boiled to remove the carbon dioxide, and then cooled down and 
diluted to 250 ml. 
(ii) Calcium working standard solution (50 ppm)——5.0 ml of 
1000 ppm of calcium stock solution was pipetted into a 100-ml 
volumetric flask, and diluted to the mark with distilled water. 
(iii) 0.1 M Glycine - Sodium Chloride stock solution ——0.75 g 
of glycine and 0.58 g of sodium chloride were weighed and placed in 
a beaker. They were then dissolved with distilled water and diluted to 
1 litre. The solution was stored in a plastic bottle. 
(iv) 0.1 M Sodium hydroxide stock solution 4.00 g of 
sodium hydroxide was dissolved in distilled water and diluted to 1 
litre. The solution was then stored in a plastic bottle. 
62 
(V) Alkaline buffer solutions ——Appropriate volumes of O.IM 
glycine - sodium chloride solution and O.IM sodium hydroxide 
solution were mixed and adjusted with the help of a pH meter to 
make buffer solutions of pH 12.2, 12.4, 12.6, 12.7, 12.8 and 12.9, 
respectively. 
(vi) 0.25% Glyoxal bis-(2-hydroxyanil) solution - _ - 0.0625 g 
of glyoxal bis-(2-hydroxyanil) was dissolved in methanol and then 
diluted to 25 ml with methanol. This solution should not be stored for 
longer than two days. 
(vii) Solvent mixture Equal volumes of ethanol and n-
butanol were mixed well to qield this solution. 
Procedure 
(i) The wavelength selection in the spectrophotometer was set at 
530 nm. The calibration curve was prepared as follows : A series of 
appropriate volume of 50 ppm calcium standard solution containing 
10 - 60 |ig of calcium was pipetted using 1-ml or 2-ml pipettes into a 
25-ml volumetric flask, then 5.0 ml of pH 12.8 buffer solution and 
1.0 ml of 0.25% glyoxal bis-(2-hydroxyanil) solution were added. 
The mixture was shaken for 1 minute and diluted to the mark with 
ethanol / n-butanol solution (1 :1) . After swirling well, an aliquot of 
the solution was transferred to the cuvette with a path length of 1 cm. 
The absorbance of the solution was measured at 530 nm against the 
reagent blank, which was prepared using 1.0 ml of water instead of 
calcium standard solution. The slope of the calibration curve was 
defined as S. 
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( i i ) The procedure of sample treatment was same as that 
described in the section (A) in the part 2 of Chapter III. 
The sample solution was 40 times diluted with water. Then 0.5 
ml of this diluted sample solution was pipetted into a 25-ml 
volumetric flask, and was then reacted wi th glyoxal bis-(2-
hydroxyanil) as described above. The absorbance, A, at 530 nm was 
recorded, and the CaO content in the sample was determined by the 
formula : 
CaO% = 100 ( 40 • ZA ) / SC 
where, Z = (MW* of CaO ) / ( MW* of Ca)， 
C = the concentration of the sample in ppm. 
* MW stands for molecular or atomic weight 
(B) Atomic Absorption Spectrometry^ ^  
Sample Treatment 
(i) See the section (B) in the part 2 of Chapter III. 
(ii) 10 ml of sample solution prepared in step (i) was pipetted 
into a 100-ml volumetric flask. After 4 ml of lanthanum solution was 
added, the mixture was diluted to the mark with distilled water. 
Apparatus ——See the section (B) in the part 2 of Chapter III. 
Reagents ——All reagents were of analytical reagent grade. 
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(i) Lanthanum solution ——See the section (B) in the part 2 of 
Chapter III. 
(ii) Fusion reagent ——See the section (B) in the part 2 of the 
Chapter III. 
(iii) Standard sample stock solution for CaO ——0.2000 g of 
standard cement was mixed with 0.8 g of fusing agent and heated at 
9250c for 5 minutes. The residue was dissolved in distilled water 
with 10 ml of HCl, and was then diluted to 500 ml with distilled 
water. 
( iv ) Standard sample work ing solut ion for CaO - - -
Appropriate volume of standard stock solution was mixed with 10 ml 
of lanthanum solution and diluted to 250 ml with distilled water. The 
reagent blank was prepared with 25 ml distilled water instead of the 
standard sample solution. 
Procedure 
See the procedure in the section (B) of the part 2 in the Chapter 
I I I . 
‘ \ 
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3. Results and discussion 
(A) Optimisation of experimental conditions 
The proposed method for the determination of calcium depends on 
the formation of the red calcium - GBHA chelate. However, as 
mentioned in the previous section, the complex was not very stable in the 
medium of the given alkaline buffer. Thus, the experimental conditions 
needed to be optimised to yield the maximum absorbance and a short 
reaction time. 
(i) Effect of pH on the calcium - GBHA complex colour development 
A series of solutions were prepared by mixing 0.6 ml of 50 ppm 
calcium standard solution with 5.0 ml of O.IM alkaline buffer solutions 
of different pH values, and adding 1.0 ml of 0.25% GBHA, then diluting 
the mixture to 25 ml with alcohol solvent mixture after shaking for 3 
minutes. The first absorbance reading at 530 nm against reagent blank 
was taken as soon as the 25 ml diluted solution was well swirled and 
subsequent measurements were recorded every 5 minutes for a total of 
40 minutes or so. The results are summarised in Table IV-1. The curves 
of absorbance at 530 nm versus time for the colour development at 
different pH were plotted and shown in Fig. IV-1. 
No colour development was observed in solutions having pH values 
lower than 12.2. From Fig. IV-1, however, when the pH of the buffer 
solution was 12.4, the maximum absorbance at the first reading was 
0.228, then decreased to 0.198 in the following 5 minutes and keeping 
this value for at least 20 minutes. At pH 12.6 and pH12.7, the absorbance 
increased gradually and reach the maximum value after 25 and 15 
minutes, respectively, whereas at pH 12.9, maximum absorbance was 
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reached within one minute, but then decreased steadily. However, at pH 
12.8, the absorbance had no significant change in the first 10 minutes, 
and then decreased slowly. 
For the proposed method, the pH of the buffer solution was chosen 
to be 12.8 since the absorbance reached a highest and constant value 
within a few minutes and might be measured more accurately at pH 12.8 
than pH 12.9 because there was almost no constant absorbance range for 
the latter. 
Table IV-1. Effect of pH on the development of colour for calcium and 
GBHA complex. 
Time* Absorbance at 530 nm 
pH 12.4 pH 12.6 pH 12.7 pH 12.8 pH 12.9 
0 0.228 0.452 0.501 0.553 0.552 
5 y 0.198 0.509 0.528 0.553 0.533 
10 0.198 0.518 0.540 0.552 0.529 
15 0.197 0.528 0.543 0.548 0.518 
20 0.198 0.530 0.545 0.544 0.511 
25 0.197 0.532 0.546 0.541 0.500 
30 0.532 0.545 0.535 0.484 
35 0.532 0.544 0.528 0.443 
40 0.531 0.542 
* Time was measured from the time after all the reagents for colour 
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Fig. IV-1. Effect of pH on the development of colour of Ca-GBHA 
complex. Ca : 1.2 ppm, wavelength : 530 nm. 
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(ii) The effect of the order of addition of the reagents 
Usually, the colour reagent was added to an aqueous buffered 
solution of calcium followed by the addition of alcohol solvent mixture. 
Using this procedure, a precipitate was formed when the colour reagent 
was added to the aqueous solution. The addition of solvent mixture 
redissolved any precipitate that might have been formed. But no 
precipitation occurred i f the solvent mixture was added immediately. So 
it would be better to fix the reaction time of calcium and GBHA in order 
to obtain reproducible results. For the same reason, Milligan et al.27 
suggested that the colorimetric reagent was added after the addition of 
organic solvent to eliminate this "addition error". 
Therefore, two different sequences of the addition of the reagents 
were considered, and were designated as Procedures a and b in Table IV-
2. The reagents used were : 0.6 ml of 50 ppm calcium standard solution, 
5.0 ml of pH 12.8 buffer solution, 1.0 ml of 0.25% GBHA, and mixture 
of ethanol and n-butanol (1 :1 ) . The final concentration of calcium was 
1.2 ppm (30|ig / 25ml). The reaction time for the complexation of 
calcium and GBHA was 3 minutes. 
The data in Table IV-2 show that when the reagents were added 
according to Procedure a, the time to reach the maximum was shorter. 
Thus Procedure a was chosen. In other words, the most suitable order of 
addition of the reagents for the proposed method was : the calcium 
solution, the alkaline buffer solution, then GBHA were mixed first, and 
shaken for 3 minutes, followed by the addition of the solvent mixture, 




Table IV-2. Time for reaching maximum absorbance of 1.2 ppm of 
Ca2+ in different order of addition of the reagents. (The 
final concentration of calcium was 1.2 ppm). 
Procedure ^Sol^m ^ 
a. Ca2+ + buffer + GBHA ^ ^ Abs. 0.550 within 1 
b. Ca2+ + buffer + solvent ^ ^ Abs. 0.548 10 
3 mins 
* T was measured from the time after all the reagents for the colour 
reaction were added and well mixed. 
(iii) Effect of the concentration of GBHA 
The effect of the concentration of GBHA on the determination of 
calcium was studied. A series of solution were prepared by mixing 0.6 
ml or 0.9 ml of 50 ppm calcium standard solution with 5.0 ml of buffer 
solution at pH 12.8 and 1.0 ml of GBHA at various concentrations. The 
mixture was shaken for 3 minutes and diluted with the solvent mixture to 
25 ml, and the absorbance at 530 nm were measured. The results are 
shown in Table IV-3 and Fig. rV-2. 
It can be seen that the absorbance of the complex reaches the highest 
and constant value when the concentration of GBHA is higher than 
0.20%. So the 0.25% GBHA was chosen for subsequent experiments. 
— \ 
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Table IV-3. Effect of concentration of GBHA, the concentration of 
calcium being 1.2 ppm or 1.8 ppm. 
Cone, of GBHA Abs. at 530 nm 
(%) for 1.2ppm Ca for l.Sppm Ca 
0.15 0.510 0.761 
0.20 0.548 0.816 
0.25 0.551 0.821 
0.30 0.551 0.820 
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Fig. IV-2. The absorbance at 530 nm which are the absorption maxima 
of a 1.2 ppm and 1.8 ppm calcium solution at pH 12.8 with 
GBHA in different concentrations. 
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(iv) Effect of reaction time for the formation of the colour complex 
The effect of reaction time for the calcium - GBHA complex was 
studied by mixing 0.6 ml of 50 ppm solution with 5.0 ml of buffer 
solution at pH 12.8 and 1.0 ml of 0.25% GBHA, and then shaking for 
different time followed by diluting to 25 ml with the solvent mixture. 
The absorbance at 530 nm was measured against the reagent blank as 
soon as the solution was diluted to 25 ml with the solvent mixtuire and 
well swirled. The results are summarised in Table IV-4. 
Table IV-4. Effect of shaking time on the absorbance of the calcium 
with GBHA complex at pH 12.8. (The final concentration of 
calcium was 1.2 ppm.) 






It can be seen that the absorbance of the colour complex varied very 
little for the reaction time of calcium with GBHA at pH 12.8 at the first 
5 minutes. As mentioned previously, when the colour reagent was added 
to the aqueous solution, precipitation of the reagent and /or its calcium 
chelate occurred. Although the addition of solvent mixture could 
redissolve any precipitate, all of these species in solution were affected 
by solvent dilution. Thus the shaking time was chosen to be fixed at 1 
minute in order to avoid the error caused from the formation of 
precipitate. 
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Based on the above results, the optimum reaction conditions are 
summarised as follows : 
pH of buffer solution: 12.8 
Concentration of GBHA: 0.25% 
Reaction time: 1 minute 
Order of addition: the calcium solution (appropriate volume) 
was mixed with 5.0 ml of alkaline buffer 
solution, and 1.0 ml of GBHA was added, 
after the mixture was shaken for 1 minute, 
the solvent mixture was added to dilute the 
solution to 25 ml. 
(B) Precision study 
The precision for the determination of calcium using the pmpmm^ 
method was studied. The relative standard deviation for ten repliGale 
measurements of the absorbance of 1.2 ppm calcium standard solution 
was calculated. The data are collected in Table IV-5. 
The relative standard deviation shown in Table IV-5 was 0.4% which 




Table IV-5. Test of precision for the determination of 1.2 ppm calcium 
using the proposed method. 











Mean value 0.552 
Standard deviation 0.002 
Relative standard deviation 0.4 % 
(C) Construction of the calibration curve 、 
A typical calibration graph is illustrated in Fig. IV-3, and the 
relevant data for this graph are shown in Table IV-6. The graph was 
linear for calcium concentration in the range of 0.4 to 2.4 ppm and gave 
a correlation coefficient of 0.99998 and a slope of 0.0179 ppm-、 
The effective molar absorptivity for calcium was calculated from the 
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> Fig. IV-3 Calibration curve for the determination of calcium by 
spectrophotometry at 530 nm. 
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Table IV-6. Data for the calibration graph for the determination of 
calcium using the proposed method. 










Slope 0.0179 ppm-1 
Intercept 0.015 
Correlation coefficient 0.99998 
Linear range 0.4 - 2.4 ppm 
Sandell's sensitivity 0.002 [ig / cm^ 
(D) Interference studies 
The effects of the common elements in Portland cement on the 
determination of calcium was studied. 1.0 ml of 50 ppm calcium 
standard solution and various amounts of the other constituents possibly 
present in Portland cement were mixed with 5.0 ml of pH 12.8 buffer 
solution and 1.0 ml of 0.25% GBHA, and after shaken for 1 minute, the 
mixture was diluted to 25 ml with the alcohol solvent mixture. The 
absorbance at 530 nm was measured and the calcium content was read 
from the calibration curve. 
76 
The results are summarised in Table IV-7. It can be seen that the 
determination of calcium by the proposed method is free from the 
interferences from the other constituents in Portland cement. 
Table IV-7. Effect of the common elements in Portland cement on the 
determination of a 2.0ppm calcium standard solution. 
ion conc.of the foreign factor* Ca2+ found % error 
ions added, ppm ppm 
Mg2+ 1 25 2.0 0 
Fe3+ 0.2 2 2.0 0 
A13+ 1 8 2.0 0 
Ti4+ 1 111 2.0 0 
Na+ 1 100 2.0 0 
K+ 1 35 2.0 0 
SO42- 1 6 2.0 0 
* The asterisk denotes the number of times of the possible highest 
content of element. Its estimation is based on the calcium content 
in Portland cement. 
(E) The determination of calcium in Portland cement 
The calcium oxide content of some real samples of Portland cement 
were determined in triplicate by the proposed method. The results for 
some samples are compared with the certif ied values and those 
determined using atomic absorption spectrometric method (AAS) and x-
ray fluorescence method (XRF). The data are collected in Table IV-8. 
77 
Table IV-8. Accuracy of calcium oxide determination in Portland 
cement using the proposed method. 
sample calcium oxide, per cent. % error 
proposed Certified AAS XRF 
method values 
OPCOOl 64.42 64.23 64.86 
OPC002 64.51 64.18 64.63 
OPC003 64.48 64.91** 64.99 64.76 -0.7 
OPC004 65.10 64.76** 65.12 65.12 0.5 
VOOl 64.40 64.21** 64.39 64.49 0.3 
BCS353* 64.74 64.81 -0.1 
BCS372/1* 65.41 65.30 0.2 
* Samples of BCS353 and BCS372/1 were prepared first by fusion 
in a muffle furnace at 925 ^C for 30 minutes, and then followed 
by the procedure described previously. 
* * The results are the referee certrified values obtained by British 
Standard method. 
There is a very close agreement between results obtained by the 
proposed method and the established methods, showing the method is 
very accurate for the determination of calcium oxide in Portland cement. 
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4. Conclusion 
The proposed method is a very fast and rather accurate method for 
the determination of calcium oxide in Portland cement. I t takes 10 
minutes to determine the calcium oxide content for a Portland cement 
sample, and to test calcium oxide contents simultaneously for five 
samples it just requires less than 30 minutes with a accuracy precision 
better than 0.6%. The reagents used in this method are readily available 
commercially. 
I t can be applied together wi th the derivative and normal 
spectrophotometric determination of aluminium oxide and iron (III) 
oxide in the routine analysis of Portland cement in laboratories 
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